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DESCRIPTION  OF  ELECTRO- CHEMICAL  CELLS  AMD  THEIR  APPLICATION 

TO  RADIO  TELEMETRY 


INTRODUCTION 


The  improvement  of  design  technique  and  component  reliability 
daring  the  last  several  years  has  made  the  power  source  the  limiting 
factor  in  the  design  of  biological  radio-telenetry  equipment-  Of  the 
many  sources  available  the  dry  cell  is  most  commonly  used  and  is  usually 
the  most  economical-  This  paper  briefly  describes  the  characteristics 
and  limitations  of  the  most  commonly  used  primary  and  secondary  dry  cells. 
Familiarity  with  the  operation  and  design  philosophy  of  the  various  dry 
cells  will  enable  the  user  to  select  the  most  suitable  cell  for  a  partic¬ 
ular  application.  Also  should  the  user  want  to  discuss  a  particular  ap¬ 
plication  with  the  manufacturer,  this  familiarity  will  result  in  a  better 
presentation  of  the  problem. 

This  paper  does  not  present  complete  information  on  all  dry 
cells  for  two  reasons:  first,  a  complete  presentation  of  the  available 
information  on  all  the  variables  involved  would  require  several  volumes, 
and  second,  complete  information  is  not  available.  Since  the  discussion 
is  of  a  general  nature;  the  data  sheets,  and  in  many  cases  the  manufacturer 
of  the  particular  cell  in  question,  should  be  consulted  for  more  exact 
data.  Also  included  is  a  section  on  thermoelectric  cells  powered  by  a 
radioactive  source. 

! 
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I.  NON-RECHARGEABLE  CELLS  (PRIMARY  CELLS) 


MERCURY  CELLS 

( 7  J  GuneJuaZ  CfaznactzAiiticA  H&imny  CeZti 

(a)  Electrical  Characteristics:  The  mercury  cell  is  the  most  commonly 
used  cell  in  biological  radio-telemetry  today.  There  are  many  variations  of 
the  mercury  cell,  each  designed  for  a  specific  purpose.  All  cells  use  zinc 
as  the  anode,  mercuric  oxide  as  the  cathode,  and  an  electrolyte  of  potassium 
hydroxide  or  sodium  hydroxide  saturated  with  the  zincate  ion.  Since  zinc  is 
soluble  in  hydroxides,  this  saturation  is  necessary  to  prevent  premature 
dissolution  of  the  anode.  The  major  advantages  of  mercury  cells,  which 
make  them  particularly  well-suited  to  biological  radio-telemetry  are  a  high 
ratio  of  energy  to  volume  and  weight,  relatively  constant  potential  through¬ 
out  their  useful  life,  and  long  shelf  life. 

The  mercury  cell  is  capable  of  packaging  50  watt  hours  per  pound  or  6 
watt  hours  per  cubic  inch.  High  vacuum  or  pressures  of  5C00  psi  have  no 
detectable  effect  on  mercury  batteries.  Momentary  short  circuits  usually 
cause  no  permanent  damage  and  recovery  to  full  voltage  usually  occurs  within 
minutes  (P.  R.  Mallory  battery  data  sheets). 


(b)  Solds^-ng:  Soldering  directly  to  the  battery  case  should  be 
avoided  if  at  all  possible.  Scale  batteries  are  available.  off-the-shelf 
with  tabs.  All  batteries  are  available  ca  factory  order  with  tabs;  the 
manufacturer  attaches  the  tabs  by  spot-welding  before  the  battery  is 
assembled  or  under  closely  controlled  conditions  after  assembly. 

Hallory  uses  a  "T"  designation  after  the  battery  number  to  indicate 
tabs;  a  "T"  would  indicate  one  t^b,  a  '"to"  would  indicate  a  tab  on  both 
the  positive  and  negative  terminals. 

Should  it  be  necessary  to  solder  leads  to  mercury  cells,  it  can  be 
done  successfully  L 3  observing  the  proper  precautions.  The  location 
where  the  IV  2d  is  to  be  soldered  should  be  sanded  or  filed  clean,  a  thin 
film  of  flux  applied,  and  a  hot  soldering  iron  with  a  small  point  used  to 
solder.  Water  or  another  cooling  agent  should  be  used  to  /;col  the  joint 
immediately.  Precooling  would  also  help  to  localize  the  heating  effects. 
Since  the  positive  terminal  has  the  double  case  on  all  but  the  smaller 
button  cells,  soldering  to  it  is  not  nearly  as  critical  as  to  the  negative 
terminal  which  has  a  much  smaller  area  and,  on  most  cells,  has  only  a 
single  layer  to  dissipate  the  heat. 

(c)  Potting:  Mercury  cells  may  be  completely  potted.  Potting  com¬ 
pounds  that  may  react  with  any  electrolyte  seepage  should  be  avoided  as 
should  those  that  might  cause  corrosion  on  the  terminals  either  by  direct 
action  or  by  electrolytic  action  between  copper  lead  wires  and  the  steel 
case.  The  epoxies  and  acrylics  are  probably  the  most  suitable  potting 
compounds.  Water  in  itself  is  usually  quite  harmless;  however,  the  com¬ 
bination  of  water  and  electrolyte  or  the  salts  that  are  contained  in  the 
water  may  cause  corrosion  or  salt  formation.  These  problems  are  more 
prevalent  in  cells  using  a  potassium  hydroxide  electrolyte.  Since  cells 
having  a  neoprene  seal  have  a  smaller  gap  between  the  positive  and  negative 
terminal,  they  are  more  prone  to  salt  bridging  than  are  those  with  poly¬ 
ethylene  seals. 

(d)  Cheeking  Battery  Condition:  Often  it  is  desirable  to  check 
the  capacity  remaining  in  a  battery.  The  constant  potential  throughout 
the  life  of  the  mercury  cell  makes  detection  of  the  life  remaining  diffi¬ 
cult  unless  the  cell  has  reached  the  knee  in  its  voltage  vs  time  curve. 

This  voltage  drop-off  occurs  when  the  cell  has  used  more  than  95%  of  the 
anode.  Although  the  1.4  volt  mercury  cells  have  a  slight  drop  in  voltage 
throughout  their  life,  the  characteristics  of  this  drop  are  determined 
more  by  the  past  history  of  the  cell  than  by  the  capacity  remaining. 

This  makes  voltage  an  inaccurate  measur.-  of  available  capacity.  Mercury 
cells  are  designed  so  that  all  of  the  zinc  anode  is  used  up  at  the  end 

of  the  cell’s  life;  this  leaves  at  least  two  methods  for  determining  the 
capacity  remaining.  Examination  by  x-ray  has  the  advantage  that  in  being 
nondestructive  it  allows  the  cell  to  be  reused,  should  the  capacity  re¬ 
maining  warrant  its  reuse.  This  method  has  serious  limitations,  in  that 
x-ray  equipment  is  usually  not  readily  available  and  an  experienced  ob¬ 
server  is  needed  to  obtain  accurate  results.  The  second  method,  a  des¬ 
tructive  test,  is  to  remove  the  anode  and  weigh  the  remaining  zinc.  The 
anode  weights  are  held  to  within  better  than  10%  of  nominal  in  the  smaller 
cells  and  better  than  5%  in  the  larger  cells.  Life  remaining  is  directly 
proportional  to  the  amount  of  zinc  remaining.  If  this  method  is  used  the 
zinc  oxide  can  be  removed  by  washing  in  watter.  All  precautions  for  hand¬ 
ling  corrosive  and  mercuric  compounds  should  be  observed. 


=2; 


Another  method  which  will  give  a  qualitative  check  an  a  call's 
condition  is  its  ability  to  provide  surge  currents  into  a  low  resistance 
load.  The  10  amoere  connection  on  a  nultitester  can  be  used  for  this 
test.1 

(2)  Cha/uzc£&U6tia&  o£  Sp&U&ic  CeZt& 

(a)  Standard  Mercury  Cells:  Standard  mercury  cells  have  an  output 
voltage  of  1.35  volts  or  1.4  volts  depending  on  cathode  composition. 
Batteries  may  be  made  up  of  multiples  of  these  voltages.  The  1.35  volt 
cells  use  a  pure  mercuric  oxide  depolarizer  (plus  graphite).^  These  cells 
are  used  where  a  constant  voltage  is  desired  such  as  in  test  and  measure¬ 
ment  equipment.  Mallory  uses  an  "R"  designation  after  the  cell  number  to 
designate  it  as  a  cell  with  pure  mercuric  oxide  depolarizer.  Over  the 
normal  life  of  the  cell  voltage  regulation  to  within  0.5%  of  1.35  volts 
should  be  maintained  and  for  short  periods  (1  day)  0.1%  should  be  main¬ 
tained..  The  no-load  voltage  of  the  "R"  suffix  cells  is  guaranteed  to  be 
1.35^  0.007  volts  (P.  R.  Mallory  data  sheets).  The  1.4  volt  cells  have  a 
small  quantity  of  manganese  dioxide  added  to  the  mercuric  oxide  depolar¬ 
izer  which  improves  the  low  drain  performance  and  reliability  of  the  cell. 
The  1.4  volt  cells  should  be  used  where  the  voltage  regulation  of  the  1.35 
volt  cells  is  not  required. 

Most  manufacturers  specify  the  capacity  of  a  cell  at  a  particular 
current  drain..  This  specification  is  at  the  90%  efficiency  level  (anode 
90%  used  up)  which  occurs  at  about  0.2  ampere-hour  per  gram  of  depolarizer. 
A  derating  of  at  least  10%  should  be  used  when  operating  at  drains  other 
than  the  one  at  which  the  rating  was  made. 

Sodium  hydroxide  is  sometimes  used  in  batteries  for  low  drain  appli¬ 
cations;  this  increases  the  low  drain  capability  and  shelf  life  but  de¬ 
creases  the  low  temperature  capability  of  the  cell.  The  change  in  elec¬ 
trolyte  does  not  prevent  the  movement  of  mercury  from  the  cathode  to  the 
anode  (migration);  a  condition  prevalent  in  many  of  the  batteries  used  in 
our  studies. 

(b)  Certified  Cell  Types:  P.  R.  Mallory  Company  manufactures  a 
series  of  cells  known  as  certified  cells.  These  cells  were  originally 
designed  to  meet  the  high  reliability  requirements  of  heart  pacemakers. 
Certified  cells  are  the  same  as  standard  cells  except  that  they  are  manu¬ 
factured  to  close  tolerances  and  are  inspected  for  defects  at  each  stage 
of  construction.  The  certified  cells  also  have  an  added  barrier  between 
the  anode  and  cathode  which  has  prevented  the  migration  of  mercury  in  the 
cells  we  have  used. 

At  the  present  time  the  si.:es  available  off-the-shelf  are  the  RM1 
and  the  RM640.  Other  sizes  could  be  special  ordered;  however,  the  quan¬ 
tities  needed  to  make  this  economically  feasible  would  not  be  practical 
in  most  cases.  Off-the-shelf  certified  cells  cost  about  ten  times  as 
much  as  regular  types. 


^his  method  from  personal  communication.  Howard  A.  Baldwin,  Sensory 
Systems  Laboratory. 


In  our  studies  the  certified  cells  have  been  used  on  some  snowshoe 
hare  transmitters .  Using  the  401  (non-certified)  type,  22  to  35%  of 
the  calculated  life  was  obtained.  Our  test  data  on  certified  cells  is 
not  complete  because  we  have  not  allowed  the  cells  to  use  up  their  full 
capacity  in  the  field.  Examination  of  the  cells  on  retrieval  for  re¬ 
placement  after  85%  of  normal  capacity  had  been  used,  showed  normal 
anode  usage  with  no  evidence  of  mercury  migration.  With  the  certified 
cells  we  feel  that  we  can  allow  80%  of  calculated  capacity  before  re¬ 
placement  without  danger  of  failure.  A  higher  percentage  could  probably 
be  used  if  we  could  reliably  predict  transmitter  ageing  and  other  effects 
which  may  cause  changes  in  the  current  drain. 

Since  these  cells  use  a  sodium  hydroxide  electrolyte,  an  evaluation 
of  their  behavior  at  low  temperatures  is  necessary.  These  tests  have 
uot  vet  been  made;  however,  it  is  anticipated  that  at  the  low  drains 
usuci'v  used  no  deterioration  in  cell  performance  will  occur. 

(c)  Low  Temperature  Cells:  Low  temperature  cells, compared  to 
standard  types,  produce  a  greater  percentage  of  their  room  temperature 
rated  capacity  at  low  temperatures.  Their  usefulness  in  biological 
radio-telemetry  depends  on  the  current  drain  and  cell  size.  Since  poor 
low  temperature  performance  of  standard  mercury  cells  is  at  least  par¬ 
tially  due  to  an  increase  in  anode  impedance,  and  since  the  anode  imped¬ 
ance  is  a  function  of  current  drain,  the  amount  of  capacity  lost  is  also 
a  function  of  drain.  The  lower  the  drain,  the  smaller  the  capacity  loss 
due  to  low  temperature.  It  is  difficult  to  say  at  what  current  drains 
and  at  what  temperatures  low  temperature  cells  should  be  used.  In  our 
studies  on  fox,  raccoon,  and  owl  at  the  Cedar  Creek  Natural  History  Area 
(Central  Minnesota'  we  have  found  little  difference  in  battery  life  from 
summer  to  winter.  We  do  not  have  temperature  measurements  of  the  cells 
in  these  cases;  however,  they  were  probably  somewhat  higher  than  ambient 
because  of  their  placement  on  the  animals.  We  also  ran  a  series  of  tests 
on  3m-12  cells  at  continuous  low  temperatures  varying  from  -10 °F  to  +20 °F 
at  drain  levels  of  about  0.7  milliamperes.  In  the  test  we  received  about 
100%  of  the  room  temperature  capacity  of  these  cells.  These  tests  seem  to 
indicate  that  low  temperature  cells  would  give  no  improved  performance  if 
the  current  drain  is  such  that  the  expected  life  is  5000  hours  or  more. 

(i)  Wound  Anode  Types 

Wound  anode  type  cells  have  been  developed  to  overcome  the  prob¬ 
lem  of  high  anode  impedance  at  low  temperatures.  The  anode  is  made  up  of 
a  ribbon  of  zinc  wound  around  an  absorbent  material  saturated  with  elec¬ 
trolyte.  This  increases  the  anode  surface  area  and  reduces  the  overall 
anode  impedance. 

Behavior  of  the  wound  anode  cells  under  vacuum  or  pressure  is 
similar  to  that  of  standard  mercury  cells  and  their  shelf  life  is  also 
about  the  same.  At  present  the  wound  anode  types  are  made  in  five  sizes 
varying  from  360  to  13,000  milliampere-hour  (mah) .  They  are  made  only  in 
the  flat  button  ceil  types  and  their  watt-hours  to  weight  ratio  is  slightly 
less  than  the  ratio  of  regular  cells. 

We  have  not  tested  these  cells  at  high  temperatures  and  low 
drains;  however,  we  suspect  some  derating  may  be  necessary  under  these 
conditions . 
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(ii)  CHC  Types 


Another  group  of  low  temperature  cells,  the  CMC  types,  has 
carooxy  methyl  cellulose  added  to  the  anode  to  decrease  the  cell’s  in¬ 
ternal  impedance  at  low  temperatures.  Since  these  cells,  manufactured 
by  P.  R.  Mallory  Company,  are  relatively  new,  complete  published  data 
is  not  yet  available.  Cells  presently  available  are  RK-1CMC,  RM-502CMC 
and  RM-12CMC,  with  respective  capacities  of  1000,  2300,  and  3600mah. 

Case  sizes  are  the  same  as  RM-1,  RM-502,  and  5M-12.  These  cells  also 
have  an  improved  barrier  to  prevent  the  migration  of  mercury,  a  problem 
prevalent  in  low  drain  operation. 

(d)  Low  Drain  Types:  Several  sizes  of  mercury  cells  are  built  es¬ 
pecially  for  low  drain  operation.  They  are  different  from  standard  types 
in  that  they  may  use  sodium  hydroxide  instead  of  potassium  hydroxide  as 
the  electrolyte  and  that  they  have  an  improved  barrier  between  the  cathode 
and  anode.  This  improved  barrier  is  designed  to  prevent  the  migration  of 
particles  from  the  cathode  to  the  anode  causing  internal  shorting.  We  feel 
that  internal  shorting  is  responsible  for  much  of  the  poor  battery  perform¬ 
ance  in  our  biological  radio-telemetry  studies.  All  batteries  examined 
without  the  improved  barrier  had  some  mercury  migration,  whereas  none  of 
those  with  the  improved  barrier  exhibited  mercury  migration. 

In  our  studies  on  raccoon  using  the  RM-12  we  had  41  transmitters  that 
went  dead  after  being  on  animals  for  18  to  66%  of  their  expected  lives,  14 
were  removed  from  animals  after  30  to  45%  of  their  expected  life  was  used. 
Using  the  Zm-12  cells  we  had  five  transmitters  that  had  used  more  than  50% 
of  their  expected  life  when  they  were  removed  from  the  animal.  These  trans¬ 
mitters  were  then  placed  outdoors;  all  stopped  functioning  with  92  to  100% 
of  their  expected  life  used.  Five  batteries  were  replaced  after  45  to  60% 
of  expected  life  was  used;  three  transmitters  now  on  animals  have  more  than 
50%  of  their  expected  life  used.  Two  transmitters  failed  while  on  animals, 
one  at  53%  of  its  expected  life,  the  other  at  59%.  It  is  not  known  whether 
the  battery  or  transmitter  failed. 

Low  drain  cells  are  made  in  several  sizes  and  with  either  sodium  hy¬ 
droxide  or  potassium  hydroxide  as  the  electrolyte.  The  ZM-12  and  RM--1NW 
have  potassium  hydroxide  as  the  electrolyte,  the  RM  1W  has  sodium  hydroxide. 
The  RM-42  is  also  available  with  either  sodium  hydroxide  or  potassium  hy¬ 
droxide  as  the  electrolyte.  The  cells  with  potassium  hydroxide  electrolyte 
have  better  low  temperature  performance  than  do  those  with  sodium  hydroxide. 
There  is  some  deterioration  in  the  low  drain  cell’s  performance  at  high 
current  drains.  These  cells  can  be  used  advantageously  where  the  cell  life 
exceeds  1000  hours.  The  cost  of  low  drain  cells  is  about  the  same  as  regu¬ 
lar  cells. 
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SILVER  OXIDE-ZINC  CELLS 


The  silver  oxide-zinc  cell  is  similar  to  the  mercury  cell  with  the 
significant  difference  being  the  silver  oxide  depolarizer  in  the  silver 
oxide-zinc  cell  vs.  the  mercuric  oxide  depolarizer  in  the  mercury  cell. 
Silver  oxide-zinc  cells  were  developed  for  use  in  watches  and  hearing 
aids  and  as  such  are  made  in  very  small  sizes.  Their  milliampere  hour  to 
weight  and  volume  ratio  is  about  the  same  as  the  mercury  cell;  however, 
since  silver  cells  have  a  voltage  of  1.5  volts,  their  watt-hour  to  weight 
and  volume  ratio  is  better  (approximately  10%) . 

Potassium  hydroxide  electrolyte  is  used  in  high  current  drain  appli¬ 
cations  and  sodium  hydroxide  is  used  to  improve  reliability  where  the 
current  drain  is  low.  As  in  mercury  cells,  manganese  dioxide  is  added  to 
the  depolarizer  to  improve  reliability  in  cells  used  in  applications  where 
a  flat  voltage  discharge  characteristic  is  not  needed. 

The  shelf  life  of  silver  oxide-zinc  cells  is  less  than  that  of  mercury 
cells,  especially  at  higher  storage  temperatures.  The  low  temperature 
characteristics  are  about  the  same,  with  the  limiting  factor  again  being 
anode  surface  area. 

In  general  most  of  the  characteristics  such  as  checking  for  capacity 
remaining,  stability,  paralleling,  etc.,  of  mercury  batteries  apply  to 
silver  oxide-zinc  cells. 

Since  these  cells  were  designed  for  hearing  aids  and  watches  they  are 
somewhat  limited  in  capacity.  The  largest  size  manufactured  by  P-.  R. 
Mallory  and  also  by  Eveready  is  165mah.  Larger  sizes  are  manufactured  in 
dry-charge  types;  however,  their  bulk  precludes  use  in  most  telemetry  work. 


II.  RECHARGEABLE  CELLS  (SECONDARY  CELLS) 

NICKEL  CADMIUM  CELLS 

(I)  Gzn<LHaZ  VucAA-ption 

Nickel  cadmium  cells  can  be  used  advantageously  where  power  consumption 
is  relatively  high  and  where  a  source  of  charging  current  is  readily  avail¬ 
able.  In  biological  radio-telemetry  they  could  be  used  in  portable  receiv¬ 
ing  equipment,  on  transmitters  where  the  animal  can  be  readily  recaptured  or 
where  solar  cells  can  be  used  for  recharging.  Cell  capability  is  about 
twelve  watt-hours  per  pound  and  about  1.2  watt-hours  per  cubic  inch. 

Nickel  cadmium  cells  are  made  up  of  a  positive  plate  of  nickelic  hy¬ 
droxide  and  a  negative  plate  of  metallic  cadmium.  The  plates  are  of  three 
types:  a  sintered  type  where  the  plates  are  sintered  onto  a  fine  mesh 
nickel  screen,  a  pasted  type  where  the  materials  are  pressed  onto  a  fine 
mesh  screen,  and  the  pocket  type  where  the  materials  are  held  in  finely  per¬ 
forated  steel  pockets.  The  sintered  types  are  more  expensive,  have  higher 
charge/discharge  capability  and  have  a  longer  cycle  life  than  do  the  pressed 
or  pocket  types.  In  all  cases  the  nickel  screen  is  used  for  support.  These 
plates  are  then  cut  to  size,  a  separator  placed  between  the  positive  and 
negative  plates  and  the  unit  placed  in  a  can.  To  obtain  the  needed  surface 
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area  the  units  are  usually  aade  up  of  a  roll  of  plates  insulated  from 
each  other  by  the  separator.  In  the  smaller  button-type  size  the 
plates  consist  of  two  pellets  insulated  from  each  other  by  the  separa¬ 
tor.  The  electrolyte  in  nickel  cadmium  cells  is  potassium  hydroxide. 

Both  sealed  cells  and  vented  cells  are  available  commercially. 

The  vented  types  should  be  used  where  large  peaks  of  power  or  high  re¬ 
charging  rates  are  required.  An  example  of  high  power  drain  would  be 
engine  starting;  a  high  charging  rate  would  be  more  than  two  amperes 
per  pound  of  cell  or  a  complete  recharge  in  less  than  ten  hours. 

Vented  cells  have  the  disadvantage  of  being  non-pottable  and  of  losing 
electrolyte  through  evaporation.  Also,  vented  types  must  be  kept  in 
an  upright  position  during  operation.  Vented  types  probably  have  little 
application  in  biological  radio-telemetry. 

Sealed  cells  are  not  truly  sealed  because,  should  the  internal 
pressure  become  too  high,  the  cell  seal  will  be  released  and  the  excess 
gas  vented.  These  seals  may  be  of  the  resealing  type  where  the  seal  is 
reformed  once  the  excess  pressure  has  been  released  or  the  non-resealing 
type  where  once  the  seal  is  broken  the  cell  becomes  essentially  a  vented 
type.  Excess  gas  pressures  are  usually  the  result  of  the  charging  or 
discharging  rates  being  too  high,  over-charging,  or  over-charging  which 
may  result  in  polarity  reversal  in  series  cell  hookups.  This  generation 
of  excess  gas  and  the  subsequent  breaking  of  the  seal  should  not  occur 
during  normal  operation  of  the  cell.  The  releasing  seals  are  used  as  a 
safety  measure  to  prevent  distortion  and  possible  rupture  of  the  cell 
should  a  cell  malfunction  or  improper  operation  generate  excess  gas 
pressure. 

(2)  VeAZin&iit  CliaAacteJuAiicA  o$  HLckzt  Cadmium  CMs 

(a)  Voltage  regulation:  Nickel-cadmium  cells  have  a  peak  open 
circuit  voltage  of  1.45V,  with  a  voltage  of  about  1.2  when  operating 
with  a  rated  load.  Voltage  regulation  of  cylindrical  cells  is  usually 
better  than  that  of  button  cells.  Somewhat  better  regulation  will  oc.cur 
when  operating  at  less  than  rated  loads  with  poorer  regulation  at  higher 
than  rated  loads. 

(b)  Temperature:  Maximum  operating  range  of  nickel  cadmium  cells 
is  -20°C  to  +40°C.  Available  capacity  decreases  to  about  20%  of  the 
20°C  capacity  when  operating  at  -20°C  or  +40°C  and  at  rated  load. 

Capacity  will  be  somewhat  less  temperature  dependent  at  less  than  rated 
loads  and  somewhat  more  dependent  at  greater  than  rated  loads.  They 
should  not  be  charged  at  temperatures  below  0°C  or  above  45°C. 

(c)  Charging:  The  usual  method  of  recharging  is  with  a  constant 
current  at  a  rate  of  J/10  (C/10)  the  ampere  hour  capacity  of  the  cell 
for  14-16  hours.  The  14-16  hours  recharging  is  necessary  since  the  re¬ 
charging  process  is  not  100%  efficient  making  it  necessary  to  replace 
more  charge  than  had  been  removed.  Depending  on  the  manufacturer,  cy¬ 
lindrical  cells  may  be  left  at  the  C/10  charging  rate  for  several  weeks 
or  longer  without  cell  damage.  Charging  of  button  cells  is  more  critical 
and  charging  at  the  C/10  rate  for  much  longer  than  the  14-16  hours  may 
result  in  cell  damage.  A  charging  rate  of  1/15  the  ampere-hour  capacity 
is  a  more  suitable  rate  for  button  cells  and  should  be  used  if  possible. 
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A  continuous  trickle  charge  of  1/100  the  ampere  hour  capacity  may  be 
used  on  both  button  and  cylindrical  cells  without  damage.  In  all 
cases  manufacturer’s  data  sheets  should  be  consulted  for  information 
on  recharging  a  particular  cell. 

(d)  Charge  Retention:  The  self  discharging  characteristic  of 
nickel  cadmium  cells  is  one  of  its  most  serious  drawbacks  in  biologi¬ 
cal  radio- telemetry.  This  self  discharge  is  temperature  dependent; 
at  50°C  a  typical  cell  will  have  lost  75%  after  90days,  at  0°C  it 
will  retain  close  to  90%  of  its  original  charge  after  120  days  (G.  E. 
data  sheets) .  This  figure  will  vary  somewhat  with  cell  type  and  with 
manufacturer.  Although  a  cell  may  become  completely  discharged  while 
on  the  shelf  it  need  merely  be  recharged  before  use  with  no  loss  in 
cell  life.  It  may,  however,  take  several  charge-discharge  cycles  be¬ 
fore  the  cell  reaches  full  capacity. 

(e)  Parallel  Operation:  Nickel-cadmium  cells  should  not  be  con¬ 
nected  in  parallel.  Differences  in  internal  resistance  may  result  in 
one  cell  not  discharging  while  other  cells  over-discharge  resulting  in 
polarity  reversal  and  cell  damage.  In  recharging  parallel  arrangements 
it  is  very  difficult  not  to  over-charge  some  cells  and  under-charge 
others.  If  cells  must  be  connected  in  parallel  either  during  the  charg¬ 
ing  or  discharging  cycle  a  swamping  resistor  of  100  times  the  internal 
resistance  of  the  cell  should  be  used  to  negate  the  internal  resistance 
variation. 

(f)  Series  Operation:  Nickel-cadmium  cells  may  be  connected  in 
series  to  get  multiples  of  1.2  volts.  It  is  necessary  to  avoid  com¬ 
pletely  discharging  the  series  connected  cells.  If  one  cell  of  the 
group  is  completely  discharged  before  the  others,  the  charged  cells 
will  continue  to  force  current  through  the  discharged  cell.  When  this 
occurs  the  polarity  of  the  cell  reverses,  hydrogen  is  generated  at  the 
nickel  electrode  and  oxygen,  at  the  cadmium,  resulting  in  the  buildup 
of  high  gas  pressure  and  cell  damage.  This  should  be  prevented  by 
specifying  capacities  at  least  10%  greater  than  needed  or  using  a  relay 
or  other  protective  device  to  disconnect  the  load  should  the  voltage 
fall  below  the  1.0  volt  per  cell  level. 

(g)  Cycle  Life:  With  intermittent  use  the  cycle  life  of  the 
cell(s)  should  be  several  years.  Under  normal  charge-discharge  cycles 
a  cell  life  of  300  cycles  can  be  expected  from  the  sintered  types  and 
about  100  cycles  from  pressed  or  pocket  types.  This  cycle  life  can  be 
increased  by  10  times  or  more  if  the  cell  is  discharged  to  no  more  than 
25%  of  its  capacity  and  not  over-charged. 


SILVER  OXIDE-ZINC  SECONDARY  CELLS 

Silver  oxide-zinc  secondary  cells  are  superior  to  most  other 
secondary  cells  in  watt-hours  to  weight  and  volume  ratio  and  in  low 
temperature  characteristics.  They  also  have  a  higher  and  more  constant 
voltage  than  do  most  of  the  other  secondary  cells. 

Silver  oxide-zinc  cells  are  used  where  their  superior  watt-hours 
to  weight  ratio  or  their  behavior  at  low  temperatures  is  needed.  At 
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low  temperatures  these  cells  can  be  temporarily  shorted  with  the  re¬ 
sulting  internal  heat  generated  warning  the  cell  sufficiently  to  yield 
about  30%  of  its  room  temperature  capacity. 


The  major  limitations  of  these  cells  are  low  cycle  life,  poor 
charge  retention,  and  poor  wet  life.  Their  cycle  life  varies  from 
15-200  cycles  depending  on  the  rate  of  discharge  and  amount  of  over¬ 
charge  (Gould-National  data) .  The  charge  retention  of  silver  oxide- 
zinc  cells  also  varies  with  use  and  design;  20%  loss/month  is  typical 
for  high  drain  rates,  5  to  10%  loss  per  month  is  typical  for  low  drain 
types.  The  wet  life  of  the  cell  is  the  life  after  it  has  been  activated 
from  its  dry-charged  state.  Wet  life  varies  from  30  days  to  18  months 
depending  on  cell  design  and  use  (Gould-National  data) .  Some  improve¬ 
ment  in  these  characteristics  can  be  expected  as  better  positive-nega¬ 
tive  plate  separators  are  developed. 


SILVER  OXIDE-CADMIUM  CELLS 

Silver  oxide-cadmium  and  silver  oxide-zinc  cells  are  very  similar 
in  general  construction  and  characteristics.  The  major  difference  is 
the  substitution  of  cadmium  for  zinc  as  the  anode  material.  The  ampere- 
hour  per  pound  yield  of  the  silver  oxide-cadmium  cell  approaches  that  of 
the  silver  oxide-zinc  cell,  however,  the  1.1  volt  operating  voltage  re¬ 
sults  in  a  watt-hour  per  pound  ratio  of  a  little  more  than  half  that  of 
silver  oxide-zinc  cells.  They  have  about  twice  the  watt-hour  per  pound 
capacity  of  nickel- cadmium  cells. 

The  lower  activity  of  cadmium  results  in  a  lower  output  voltage  but 
also  results  in  a  much  higher  charge  retention;  shelf  losses  of  1  to  2% 
per  month  are  typical.  The  insolubility  of  cadmium  and  cadmium  oxide  in 
alkalines  is  the  most  significant  factor  in  the  improvement  of  the  re¬ 
liability  of  silver  oxide-cadmium  cells  over  silver  oxide-zinc.  The 
cycle  life  of  silver  oxide-cadmium  cells  is  10-25  times  greater  than 
that  of  silver  oxide-zinc  cells. 


III.  SPECIAL  AND  DEVELOPMENTAL  CELLS 


SPECIAL  CELLS 

There  are  two  low  voltage  cells,  both  manufactured  by  P.  R.  Mallory 
Battery  Company,  which  may  have  some  application  in  biological  radio¬ 
telemetry  where  a  voltage  lower  than  the  1.35  to  1.5  volts  usually 
available  is  needed.  The  first  of  these,  the  XA-10B  lead  oxide-silver 
system,  has  a  nominal  output  voltage  of  0.9  volts  with  about  half  the 
milliampere-hour  capacity  of  the  mercury  cell.  One  of  the  features  of 
this  cell  is  that  it  is  manufactured  in  the  inactive  state  allowing 
storage  for  long  periods  without  cell  deterioration.  The  cell  is  acti¬ 
vated  before  use  by  charging  (electrically) .  Another  feature  is  its 
ability  to  deliver  full  capacity  at  drain  rates  utilizing  the  cells 
capacity  in  two  days  or  two  years. 

Another  cell  has  been  designed  for  use  as  a  bias  cell  or  with 
tunnel  diodes.  It  has  a  normal  voltage  of  0.5  volts,  is  made  in  160, 
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500,  and  1000  mah  sizes,  and  has  a  milliampere-hour  capacity  similar 
to  that  of  mercury  cells.  Due  to  its  lower  voltage  it  has  about  one- 
third  the  watt-hour  per  pound  capacity  of  the  mercury  cell. 

Another  system  which  may  have  some  application  is  the  water  acti¬ 
vated  magnesium-silver  chloride  system.  It  has  a  capability  of  50  to 
70  watt-hours  per  pound  (dry  weight)  and  can  be  activated  by  immersion 
in  either  fresh  water  or  sea  water.  Its  wet  life  is  usually  quite 
short,  several  days  at  most. 


DEVELOPMENTAL  CELLS 

Probably  the  most  recent  development  in  power  sources  with  direct 
applicability  to  biological  radio-telemetry  is  the  radio  isotope  thermo¬ 
electric  generator.  At  least  two  groups  are  currently  working  on  de¬ 
vices  of  this  type.  Nuclear  Materials  and  Equipment  Corporation,  under 
contract  from  AEC,  is  developing  a  unit  specifically  for  the  heart  pace¬ 
maker.  It  is  to  be  about  2/3  the  size  of  a  cigarette  pack,  have  power 
output  of  162  microwatts  and  a  life  of  10  years  or  more.  (Electronics, 
13  June  1966).  The  fuel  is  plutonium  -238. 

General  Atomic,  a  division  of  General  Dynamics  Corporation,  is 
working  on  a  more  general  power  source  designated  SNAP  -  15A.  This  de¬ 
vice  has  a  power  output  of  1.55  milliwatts,  weighs  0.85  lbs.,  has  a 
volume  of  about  25  cubic  inches,  a  minimum  life  of  5  years,  and  its 
efficiency  is  0.106%.  It  also  uses  plutonium  -238  as  fuel.  The  effi¬ 
ciency  of  these  devices  is  greatly  increased  as  they  are  designed  for 
higher  power  output.  With  further  development  the  volume  should  also 
be  greatly  reduced  with  little  loss  in  efficiency.  (Electronic  Indus¬ 
tries,  May  1966). 

The  primary  difficulty  in  building  radio  isotope  generators  for 
biological  radio-telemetry  is  reducing  weight  and  volume  to  a  feasible 
range  and  yet  having  sufficient  shielding  to  eliminate  any  radiation 
danger. 


RECOMMENDATIONS 

Primary  Cells:  The  mercury  cell  is  the  most  widely  used  and 
the  most  suitable  cell  in  most  cases.  In  low  drain  applications  the 
ZM-12  is  the  most  readily  available  low  drain  cell  and  is  well  suited 
for  both  low  temperature  and  low  drain.  If  more  capacity  is  needed  the 
RM-42  can  be  special  ordered  with  potassium  hydroxide  electrolyte  and 
with  the  improved  low  drain  barrier.  If  a  smaller  cell  is  needed  and 
cost  is  not  a  factor  the  certified  cell  in  the  RM-1  size  is  the  best 
choice.  If  operating  temperatures  are  low  or  if  cost  is  a  factor,  the 
RM1NW  is  suitable.  A  still  smaller  certified  cell  suitable  for  low 
drain  operation  is  available  in  the  RM640  size.  In  applications  re¬ 
quiring  a  cell  smaller  than  500  mah  capacity  the  standard  cell  types 
can  be  used. 

If  the  cell  drain  is  such  that  the  cell  will  be  drained  in 
1000  hours  or  less  the  standard  types  are  suitable.  If  high  regulation 


=12= 


is  not  required  use  the  types  with  the  manganese  dioxide  added  to  the 
depolarizer. 

If  the  current  drain-cell  size  combination  is  such  that  a 
drop  of  0.05  volts  or  more  occurs,  a  low  temperature  type  will  probably 
give  better  performance.  The  CMC  types  should  give  better  performance 
than  the  wound  anode  types  if  the  drain  is  low,  and  if  part  of  it  is  to 
be  at  higher  temperatures. 

Secondary  cells:  The  sintered  nickel- cadmium  cells  are  prob¬ 
ably  the  best  choice  in  most  cases.  The  silver  oxide-cadmium  cells  cost 
more  but  give  better  shelf  life  and  a  better  watt-hours- to-weight  ratio. 
The  silver  oxide-zinc  cell  should  not  be  used  unless  the  superior  watt- 
hours-  to-weight  ratio  or  low  temperature  performance  is  absolutely 
needed.  Significant  improvement  in  the  reliability  of  the  silver-oxide 
zinc  will  probably  come  in  the  next  year  or  so. 
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2271  Mora  Dr.  Mountain  View,  Calif. 


20  Valley  St.  Endicott,  N.Y. 


19541  Hatteras  St.  Tarzana,  Calif. 


E1201  1st  Natl.  Bank  Bldg.  St.  Paul,Mijin  |x  X  X 


212  Durham  Ave.  Metuchen,  N.J. 


6001  Knox  Ave.  Chicago,  ill. 


707  N.  Anaheim  Blvd.  Anaheim,  Calif. 


1  Space  Park  Redondo  Beach,  Calif. 


X  X 


Tech.  Prod.  Div.  9601  CanogoAve.  Chatsw ?rtl  X  |  X  |  X 


XXX 


oai 1 t . 

40-52  Leonard  St.  New  York,  N.Y. 


400  Myrtle  Ave.  Boonton,  N.J. 


Electric  Storage  Battery  Co.  2510  Louisburg  Rd.  Raleigh, 'N.C. 


X  X 


X  X 


Silver 


ver 


